standing of tumor biology and behavior. 23 In light of our familiarity with anterior approaches, advances in spinal instrumentation, and increased understanding of the pathophysiology of spinal metastasis, some have argued that in selected cases surgery should be offered as first-line therapy as opposed to a salvage operation. 13, 15, 29, 31 SURGICAL MANAGEMENT Surgery may be indicated for obtaining a diagnosis or for decompression and/or stabilization of the spine. The goals of surgery are to decrease pain, to preserve or to improve neurological function and to mobilize the patient without an external orthosis. With the refinement of computerized tomography-guided biopsy procedures, however, rarely is surgery required solely for diagnostic purposes. As previously mentioned, surgery had been judged to be no better than radiotherapy based on results obtained in studies of decompressive laminectomy. In fact, in selected patients, surgery may be indicated de novo prior to radiation therapy. 29 Surgery prior to chemo-or radiotherapy probably decreases postoperative morbidity such as wound breakdown. In several studies, it has been documented that the use of prolonged steroid therapy and previous treatment with external-beam radiation therapy compromise wound healing and immune function, with a breakdown of the surgical wound in up to 30% of surgically treated patients. 17, 20, 21, 31 Certain considerations apply to specific tumor types. Preoperative embolization of metastatic renal cell carcinoma, for instance, significantly reduces intraoperative blood loss. 25 Many surgical strategies may be followed in the treatment of metastatic spinal disease. Better outcomes appear to be demonstrated in those who have undergone an operation via the anterior-approach (that is, improved neurological status and length of survival). 8, 15, 17, 24, [27] [28] [29] [30] As noted previously, because most metastatic lesions occur in the VB, an anterior approach offers the most direct route to the disease process. It also allows for minimum removal of uninvolved bone, rapid removal of tumor, effective reconstruction of the weight-bearing anterior column, short-segment fixation, and improved wound healing. 15 In some cases, patients are not candidates for an anterior approach, such as those who are at high medical risk or who harbor circumferential tumors. Posterior and posterolateral approaches may be more appropriate in these cases. Posterior-approach surgery has been condemned based on results published in old literature. In recent studies in which surgeons performed procedures such as transpe dicular and costotransversectomy approaches, the authors have reported comparable results to anterior-approach surgery, perhaps with a greater incidence of wound-related complications and cerebrospinal fluid fistulas. 2, 9 Combined anterior-posterior procedures are at times indicated. The combined approach allows circumferential tumor decompression and spinal stabilization, which may be indicated in cases in which there is significant instability or after anterior decompression has been performed at the cervicothoracic or thoracolumbar junction. The sacrifice for improved decompression and stability, however, is increased morbidity.
Contrary to surgery for trauma-induced or degenerative spine disease, the ultimate goal in metastatic disease is not fusion, but spinal stability achieved by placing instrumentation and struts. In this regard, foreign objects, such as titanium cages, are usually used as interbody struts, and often a bone graft is not placed. Spinal instrumentation and interbody struts will be required to confer spinal stability for the remainder of the patient's life, which is often shorter than the time required for a solid arthrodesis to develop. Thus, in cases of metastatic disease, rigid, fixed cantilever-beam instrumentation is often used. When possible, bicortical screw purchase of bone should be used. In the place of bone graft, MMA is often used because it sets solidly and provides immediate stability. It may be placed in the center of titanium cages or into a chest tube, as described by Errico and Cooper. 11 They described placing a No. 36 French chest tube into a vertebrectomy site, in which the ends are fit into defects created in the VB above and below the area of resection. This tube is then filled with MMA (Fig. 1) .
Instrumentation is often placed anteriorly if an anterior approach is performed, and posteriorly after a posterior approach. Constructs placed anteriorly are usually short segment, often placed one level above and one below the level of the disease process. Posteriorly, constructs are often placed three spinal levels above and two levels below the level of the lesion or longer if there is significant deformity present. When there is believed to be significant instability or major deformity, consideration should be given to the placement of anterior and supplemental posterior instrumentation. Often anterior-approach tumor resection at the cervicothoracic and thoracolumbar junctions should be augmented with posteriorly-placed instrumentation.
REGIONAL NUANCES

Cervical Spine
The subaxial spine may be approached either anteriorly though a standard incision along the sternocleidomastiod muscle or posteriorly via laminectomy. These approaches are familiar to most spine surgeons, and anterior or posterior instrumentation is readily applied in this region. Removal of the involved bone provides direct visualization of the spinal cord.
Cervicothoracic Junction
This region consists of the lower cervical vertebrae through T-1 and T-2. This region marks the junction of the mobile cervical spine and the relatively immobile thoracic spine. For resection of T-1 and T-2 lesions via the anterior approach, often a sternotomy or manubrial window will have to be created (Fig. 2 ). This should be performed from the patient's left side; the recurrent laryngeal nerve has a deeper course on this side and there is less chance of injury, although the thoracic duct is at risk during the leftsided approach. The great vessels may be retracted to allow visualization of T-1 to approximately T-3. The brachiocephalic vein may be ligated and incised, if needed, for increased visualization. 26 Removal of involved bone allows visualization and decompression of the spinal cord. An interbody strut and anterior instrumentation may be placed through the same incision. The presence of tho-racic kyphosis often makes the placement of anterior instrumentation impossible in this region. Posterior instrumentation may have to be used in this case. Posteriorly, instrumentation should span the cervicothoracic junction and not end there, which may result in junctional zone kyphosis.
3
Thoracic Spine
Anteriorly, tumors may be resected either via transthoracic thoracotmoy 15 or a retropleural route. 21 Both allow direct visualization of the anterior thoracic spine for optimum tumor resection and for the placement of anterior instrumentation. Retropleural thoracotomy avoids the need for chest thoracostomy. The side of the operation should be based on the location of lesion(s). Often the right side is chosen when approaching lesions at T-3 and T-4, because the aortic arch limits visualization on the left side. For lesions located at T-5 through T-10, the left side is often chosen because the aorta, as opposed to the inferior vena cava, is easier to mobilize and repair if inadvertently injured.
Anterior thoracic spine lesions may also be reached via posterolateral and posterior approaches. These approaches allow anterior decompression and strut graft placement through a posterior incision, which is a procedure familiar to all spine surgeons. Because the anteriorly located lesion is not directly visualized, it may be difficult at times to achieve total tumor resection. Anterior instrumentation may not be placed using these approaches, except possibly with the LECA; therefore, posterior instrumentation is used to augment the anterior decompression. These strategies are ideal for implementation in patients whose medical conditions do not allow for thoracotomy or in whom circumferential tumors are present. A bilateral transpedicular resection has been described that allows the surgeon to perform a spondylectomy. 1 Costotransversectomy and the LECA 4,18 may also be used. They differ in the direction of erector spinae muscle retraction, the extent of VB visualization, and the working angle created (Fig. 3) . The LECA is a formidable operation, but it avoids entrance into the thoracic cavity, which may be preferred. In cases of thoracolumbar lesions, the diaphragm does not require incision.
Thoracolumbar Junction
As previously mentioned, LECA may be performed in the treatment of thoracolumbar disease. Anteriorly, either a transthoracic or retropleural thoracotomy must be extended into the retroperitoneal space. Intrapleurally, the diaphragm must be incised, and the insertions to the spine must be reflected off to allow entrance into the retroperitoneal space. In a retropleural approach, the diaphragm is not incised; rather, its attachments to the spine are reflected and the retroperitoneal space is entered. Once the spine is visualized, resection and reconstruction are performed, as in the thoracic spine. In this region, consideration should be given to augmentation of an anterior decompression with posterior instrumentation. As noted in the cervicothoracic region, instrumentation should span and not end in this region. 
Lumbar Spine
Anterior pathological entities in the upper lumbar spine may be reached via a retroperitoneal approach (Fig. 4) . The side of the operation should be chosen based on the location of the lesion, but the left side is often used because it is technically easier to mobilize and repair an inadvertent injury to the aorta compared with the vena cava. When a retroperitoneal approach is performed, lesions in the lower lumbar spine (L-5) are more difficult to
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Management of metastatic spinal tumors resect and reconstruction is harder to perform. Because the iliac crest often hampers this approach in this region, a window may be made in the iliac crest to improve visualization. Another option would be to utilize an anterior, transperitoneal approach in this situation. This true anterior approach is useful for lesions in the lower lumbar spine. There are disadvantages, however, including violation of the peritoneum. Vertebrectomy and tumor resection allow visualization of the thecal sac. Strut grafts are easily placed and anterior instrumentation may be used. Because of the difficulty with anterior instrumentation placed at the lumbosacral junction, this region is often augmented with posterior instrumentation. Posteriorly, vertebrectomy may be performed via a bilateral transpedicular route.
CLINICAL SERIES
Anterior Surgery
Anterior surgery is appealing because it provides the most direct route for decompression and tumor resection. Additionally, this approach allows for adequate reconstruction of the anterior vertebral column. Many studies have been performed to evaluate the results of anterior and anterolateral approaches for spinal metastasis.
Sundaresan, et al., 29 have reported a prospective series of 54 patients who underwent surgery prior to radio-or chemotherapy. Patients harboring radiosensitive tumors or those in whom life expectancy was fewer than 3 months were excluded. Eighty-three percent of the patients underwent decompressive surgery via an anterior or anterolateral approach. Forty-four percent of patients were nonambulatory prior to surgery. Most were unable to walk because of weakness, whereas the second most common reason for inability to ambulate was pain. After surgery, all patients were ambulatory. Pain improved in 90%. Forty-six percent of the patients were alive after 2 years, the majority of whom remained ambulatory. The overall complication rate was 20%.
Harrington 16 reported 77 patients with spinal instability caused by metastatic pathological fractures of one or more vertebrae. Treatment consisted of anterior decompression and stabilization with MMA augmented by knodt distraction rods positioned anteriorly. The follow-up period ranged from 31 to 146 months. Of the 62 patients with major preoperative neurological impairment, 26 experienced complete neurological recovery, 16 improved significantly, 20 remained unchanged, and one patient deteriorated. Relief of pain was obtained in 72 patients. There was one case of wound infection among the 83 anterior stabilization procedures.
Cooper, et al., 8 have studied 28 patients who underwent an anterior decompression for spinal metastasis. Surgery was performed in those with spinal cord compression, spinal instability, rapidly progressive neurological deficit, failure of radiation therapy, or occult primary tumor. Sev- Fig. 3 . Drawing illustrating three posterior approaches. Upper: The transpedicular route allows resection of the VB from a true posterior approach. Center: Costotransversectomy allows a greater amount of VB to be resected compared with the transpedicular approach, and it provides an improved working angle. Right: The LECA allows complete access to the VB, and a much improved anterior working angle. Fig. 4 . Drawing. The retroperitoneal approach allows anterior access to the lumbar spine, which is gained through an incision beginning lateral and slightly above the anterior iliac spine and carried medially and rostrally, parallel and rostral to the iliac crest and inguinal ligament.
enty-five percent of the patients were ambulatory preoperatively and 88% postoperatively. Pain improved in 97% of the patients. Motor function remained the same or improved in 94% of patients. The overall complication rate was 22%. The mean survival length was 10 months.
Gokaslan, et al., 15 have reported on 72 patients with thoracic spine metastatic tumors. Indications for surgery included symptomatic spinal cord compression and/or intractable axial spinal pain due to spinal instability. Life expectancy exceeded 3 months. Preoperatively, 13 patients were nonambulatory. Postoperatively 10 were able to ambulate. Pain improved in 92% of patients. Thirtyfive (76%) of 46 patients who presented with neurological impairment improved significantly following surgery. The overall complication rate was 28%, and the 1-year survival rate was 62%.
Anterior and anterolateral decompression and stabilization of the spine in patients with spinal metastasis is effective. As previously mentioned, it allows a direct route for decompression of the spinal cord and tumor resection. Additionally, it allows for effective reconstruction of the anterior column. Motor function has been found to improve in 70 to 100% of patients; pain has also been found to improve in 85 to 97%. 8, 15, 17, 25, [28] [29] [30] 31 Wound-related complications have been reported to occur in as many as 28% of patients who have undergone postirradiation laminectomy. 28 The wound-related complication rate for anterior approaches is approximately 3%.
15,28
Posterior and Posterolateral Approaches
Although an anterior approach is optimum for tumor resection and reconstruction, these goals may also be achieved by undertaking a posterior or posterolateral approach. The operation is usually performed with uni-or bilateral facet joint or pedicle resection. This allows for anterior decompressive surgery to be performed, although often not complete, and for instrumentation to be placed posteriorly. The disadvantages are incomplete tumor resection, often suboptimum anterior graft placement, and increased incidence of wound-related complications. Anterior instrumentation can usually not be placed via a posterolateral incision. A posterior approach may be reasonable for patients harboring circumferential tumors or those who are at high risk for a more extensive anterior approach. The posterior placement of segmental instrumentation is also quite useful in cases with VB collapse at several levels and may be useful in cases requiring prophylactic stabilization. 10 Cybulski, et al., 9 have reported on 15 patients who underwent a modified costotransversectomy for the treatment of metastasis to the thoracic spine. Postoperative neurological improvement was seen in 83% of the patients. Sixty percent of those who were nonambulatory before surgery were able to walk postoperatively. There was one case (7%) of wound infection requiring removal of the posterior hardware.
Akeyson and McCutcheon 2 have reported on 25 patients who underwent a single-stage posterior complete spondylectomy, reconstruction, and placement of posterior instrumentation for metastatic spinal disease. Patients were chosen for this approach for several reasons: 1) their medical condition precluded making an incision on the chest or abdomen and one posteriorly; 2) risk of undue morbidity; 3) preexisting pulmonary, mediastinal, or retroperitoneal disease; 4) significant tumor located dorsal to the pedicles; and 5) involvement of two or more levels or involvement at two discontinuous levels. Surgery was performed via a bipedicular approach, with MMA reconstruction and placement of posterior instrumentation. One hundred percent of the patients with pain as their sole symptom experienced pain resolution. In 56% of those with preoperative neurological impairment, improvement was demonstrated, whereas in 39%, it was unchanged and in 5% it was worse. The overall complication rate was 52%, with persistent cerebrospinal fluid leakage as the most common complication. Twelve percent of the patients were alive at 1 year.
The aforementioned results demonstrate that a posterior approach may be effective in treating metastatic spinal disease. This type of approach allows the surgeon flexibility in choosing the appropriate surgical strategy based on specific patient and pathological characteristics.
Combined Anterior-Posterior Approaches
Often a combined anterior-posterior approach is deemed necessary for the treatment of patients with spinal metastasis. The indications and results of the combined anterior-posterior approach for spine tumors was studied by Sundaresan, et al. 31 Indications included: 1) radiographic demonstration of three-column involvement; 2) significant vertebral instability; 3) marked kyphosis; 4) involvement of more than one VB; 5) junctional site involvement; 6) prior laminectomy; and 7) potentially solitary lesions. Forty-eight percent of their patients underwent surgery via a combined approach. Of 48 patients who were nonambulatory prior to surgery, 67% became ambulatory after surgery. Fifty-two percent of patients with severe paraparesis improved postoperatively. The overall median survival was 16 months. The complication rate was 48%, with wound breakdown and infection being most common.
Of interest, Fourney, et al., 13 have recently reported on a simultaneous anterior-posterior approach to the thoracic and lumbar spine for resection of tumors. They found this approach both safe and effective in cases of tumors involving both the anterior and posterior columns of the spine.
A combined approach is frequently needed, but the risk of morbidity increases. These procedures are often staged to allow the patient a resting period. Despite the increased incidence of morbidity, the majority of these complications may be managed effectively, and the patients benefit with long-term palliation and improvement in quality of life.
31
CONCLUSIONS
Most spine surgeons come to treat patients with metastatic spinal disease after nonoperative management has failed. Surgery has been thought to be no better than radiotherapy based on results published in the old literature. We now have a better understanding of tumor biology, and there have been significant advances in surgical approaches and reconstructive techniques. Outcome after anterior decompression and stabilization is associated with pain relief, neurological improvement, and increased length of survival. Perhaps in selected patients, surgery should be chosen as first-line therapy prior to radio-or chemotherapy.
